e present the mid-to long-term results of the Chiari pelvic osteotomy for dysplastic hips. We followed 135 hips in 129 patients, with a mean age at the time of surgery of 24 years, for a mean of 16.2 years. We used the anterior iliofemoral approach without trochanteric osteotomy in the initial 31 hips. Thereafter, we used transtrochanteric approaches in an attempt to ensure that the osteotomy was at the most appropriate level, and to advance the high-riding greater trochanter distally. The next 79 hips therefore underwent a posterolateral approach and the most recent 25 hips an Ollier lateral U approach. The clinical result was excellent or good in 103 hips (77%). The outcome in 104 hips in which we used a transtrochanteric approach was superior, the osteotomy level was more appropriate and a Trendelenburg gait less common than in 31 hips in which we used an anterior approach. We therefore recommend the use of a transtrochanteric approach in order to ensure that the osteotomy is at an appropriate level and in order to achieve effective distal advancement of the high-riding greater trochanter.
W
omy for the treatment of subluxation of the hip and reported good short-term results after five years. 3 Various studies report good mid-to long-term clinical results in 51% to 92% of hips. [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] Chiari originally described the technique for the osteotomy using an anterior approach. Subsequent reports have suggested that the trochanteric osteotomy is not required. [5] [6] [7] 9, 11, [13] [14] [15] [16] [17] Several groups have used other modified techniques with different surgical approaches, with or without trochanteric osteotomy. 4, 10, 18 Our experience includes the use of three different approaches. Between 1973 and 1978 we used an anterior iliofemoral approach without trochanteric osteotomy. 2, 3 Subsequently, we changed to a transtrochanteric approach in an effort to ensure that the osteotomy was at the most appropriate level with good operative exposure, and to advance the high-riding greater trochanter distally. Between 1978 and 1990 we then used trochanteric osteotomy with a posterolateral approach, 18 and since 1990 an Ollier lateral U approach. 19 This retrospective study analyses the mid-to long-term results of the Chiari osteotomy using these different approaches and evaluates whether an osteotomy at a more appropriate level and effective distal advancement of the greater trochanter could be achieved using a transtrochanteric approach.
Patients and Methods
The object of treatment for patients with osteoarthritis of the hip secondary to congenital dislocation, subluxation, or dysplasia has been to provide good bony cover for the femoral head by pelvic reconstructive osteotomy. We used rotational periacetabular osteotomy or a shelf procedure for patients with a spherical femoral head, an intact joint space and satisfactory congruity of the hip, and a Chiari osteotomy for those with an irregular femoral head or with incongruity of the hip with or without narrowing of the joint space. Between 1973 and 1995, we undertook a Chiari osteotomy on 165 consecutive patients. We excluded from the study the 28 patients with advanced osteoarthritis who received a Chiari osteotomy as a joint-preserving procedure after refusing a total hip replacement. Eight patients were lost to follow-up leaving 135 hips in 129 patients to be evaluated. Six had bilateral and 123 unilateral procedures. There were 18 men and 111 women with a mean age at the time of surgery of 24 years (9 to 51). In 77 hips the left side was involved and in 158 the right. The mean length of clinical and radiological follow-up was 16.2 years (5 to 25). Before surgery, all patients had dysplasia of the hip with moderate or severe pain. There were early radiological signs of osteoarthritis with narrowing of the joint space and slight subchondral osseous acetabular sclerosis in 102 hips.
We used an anterior iliofemoral approach, without trochanteric osteotomy, in the initial 31 hips, a posterolateral approach with trochanteric osteotomy in 79 hips between 1978 and 1990, and an Ollier lateral U approach with trochanteric osteotomy in 25 hips after 1990. The corresponding mean age of the patients in the three groups at the time of surgery was 23 years (11 to 45), 22 years (9 to 51) and 29 years (18 to 51). The mean length of follow-up was 19.4 years (10 to 25) for the first 31 hips, 17.2 years (7 to 21) for the group of 79 hips and 8.9 years (5 to 11) for the remaining 25 hips.
Initially, we used an intraoperative radiograph but either radiography or fluoroscopy was routinely used when the transtrochanteric approach was employed. Fixation was achieved using bone-pegs in 46 hips and Kirschner wires or screws in 89 hips. If the greater trochanter was high-riding it was advanced distally to the anatomically normal position with its proximal aspect level with the centre of the femoral head. This was carried out in 58 (56%) of 104 hips undergoing the transtrochanteric approach. A varus femoral osteotomy was also done in 11 hips and a valgus osteotomy in seven.
For evaluation we used the Harris hip score. 20 Hips with a score of between 90 and 100 points were considered to have an excellent result, with between 80 and 89 points good, between 70 and 79 points fair and less than 70 points a poor outcome. Anteroposterior (AP) and lateral radiographic assessment before and after operation included measurement of the centre-edge angle of Wiberg, the acetabular head index, and the acetabular angle of Sharp.
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The acetabular head index is equivalent to the acetabulumfemoral head quotient described by Heyman and Herndon. 22 The level of the osteotomy was considered to be appropriate when placed between 0 and 10 mm from the superior osseous margin of the acetabulum as seen on AP and lateral radiographs, as proposed by Matsuno et al. 10 We measured the sphericity of the femoral head preoperatively using Mose templates, classifying the shape as regular if the outline was in the zone defined by concentric circles spaced 2 mm apart, irregular if in the zone defined by concentric circles 6 mm apart, and very irregular if in the zone defined by concentric circles 8 mm or more apart. Subluxation of the femoral head was assessed by the measurement of lateral and superior migration. Statistical analysis. This was carried out using StatView statistical software (version 5.0; SAS Institute Inc, Cary, North Carolina). Univariate analysis included Fisher's exact probability test and Student's t-test. Multivariate analysis with Scheffé's post-hoc test was used if there was a significant difference using one-factor analysis of variance. A p value of less than 0.05 was considered to be significant.
Results
The mean preoperative Harris hip score for the whole group was 60 ± 8 which improved to 81 ± 10 at the latest followup (Student's t-test, p < 0.001). The score was 78 ± 9 for the hips which underwent the anterior approach, 82 ± 9 for the posterolateral approach, and 83 ± 12 for the Ollier lateral U approach. The clinical outcome was excellent in 17 (13%), good in 86 (64%), fair in 18 (13%) and poor in 14 hips (10%) at the time of follow-up (Figs 1 and 2 ). Two hips, one treated by Chiari osteotomy alone and one by a Chiari combined with a varus osteotomy, required total hip arthroplasty 18.0 and 24.5 years after surgery. The relationship between the clinical results and various factors is summarised in Table I . There were significant differences in the surgical approach with or without transtrochanteric osteotomy, the level of osteotomy and the intraoperative use of radiography or fluoroscopy. Using multivariate analysis with Scheffé's post-hoc test, significant differences were found in the surgical approach (p = 0.034), the level of the osteotomy (p = 0.003), and the intraoperative use of radiography or fluoroscopy (p = 0.012).
On radiological assessment, the mean preoperative centre-edge angle of 3˚ improved to a mean of 39˚. Osteoarthritis progressed in 62 hips (46%). The relationship between the clinical results and various radiological factors is summarised in Table II . There were significant differences in the preoperative and postoperative centre-edge angle, the acetabular head index, and the Sharp angle, the very irregular femoral head compared with other groups, and superior and lateral migration. A 30-year-old woman with acetabular dysplasia and a deformed femoral head. A congenitally dislocated hip had been reduced by traction at 28 months. Radiographs showing a) preoperative congruity inferiorly between the femoral head and the acetabulum and a high-riding greater trochanter, b) two weeks after a Chiari pelvic osteotomy and distal advancement of the greater trochanter using the posterolateral approach, good cover of the femoral head and c) 15 years after surgery, some narrowing of the joint space. The clinical result was good. She was asymptomatic and did not have a Trendelenburg gait.
The relationship between the surgical approach and various factors is summarised in Table III . Although the followup period was shorter in hips using a transtrochanteric approach, the clinical results in these hips were significantly better. Nine of 31 hips (29%) treated using the anterior approach showed a positive Trendelenburg gait, which was significantly higher than six of 104 hips (6%) treated using a transtrochanteric approach. The level of the osteotomy was too high in five of 31 hips (16%) treated using the anterior approach and in three of 104 hips (3%) using a transtrochanteric approach. It was too low in one hip (3%) using the anterior approach and in two (2%) using a transtrochanteric approach. Overall, the level of the osteotomy was more appropriate in hips using a transtrochanteric approach.
There was peroperative intrapelvic arterial damage in one patient. A vascular anastomosis was carried out and the postoperative course was uneventful with a good clinical result. One patient had nonunion of the pelvic osteotomy and underwent a bone-grafting procedure 18 months later with subsequent union. There were no cases of nonunion at the site of osteotomy of the greater trochanter and no other significant complications such as deep infection or pulmonary embolism.
Discussion
The level of the osteotomy is an important factor influencing the outcome of a Chiari pelvic osteotomy. 3, 10, [15] [16] [17] 23 Chiari 3 emphasised that the incidence of complications of the osteotomy is higher when it is too low since the proximal fragment impinges against the capsule of the hip. Fernandez et al 17 stressed that the level of the osteotomy should not be too high. Ohashi et al 12 in a series of 103 hips in 91 patients with a mean follow-up of 17.1 years, reported that the outcome was significantly worse if the osteotomy was placed either too high or too low, and other authors have also reported a poor outcome after an excessively low osteotomy. 3, 10, 12, 15, 16, 23 The good results in our patients with an appropriate level of the osteotomy indicate the important relationship between the level and the outcome after this procedure.
The surgical approach is another important technical consideration. Matsuno et al 10 recommended the posterolateral approach using a trochanteric osteotomy as described by Leitz. 18 When there is a high-riding greater trochanter, the osteotomy can be done at an appropriate level and a postoperative positive Trendelenburg gait avoided by transferring the greater trochanter distally. 4, 6, 10, 18 The level of the osteotomy in our study was more satisfactory when using a transtrochanteric rather than an anterolateral approach. There was a significant difference in the incidence of a positive Trendelenburg gait between the surgical approaches, with or without trochanteric osteotomy, showing the effectiveness of distal trochanteric transfer. The Ollier lateral U approach provides a wider exposure of the lateral iliac surface than the posterolateral approach, especially of the anterior part of the ilium, which makes the osteotomy easier to do. Fernandez et al 17 indicated that a transtrochanteric approach has some potential disadvantages including damage to the posterior branches of the medial circumflex artery which may lead to osteonecrosis of the femoral head and nonunion of the displaced greater tro- chanter. These complications were, however, not seen in our study. One weakness of our study was the difference in the periods of follow-up between the groups using different approaches. Also an intraoperative radiograph or fluoroscopy is required to confirm an appropriate level of the osteotomy and this requires a slightly longer operating time.
The mean improvement of 42˚ in the centre-edge angle in our series is the same as that reported by Lack et al, 9 and higher than the 34˚ achieved by Ohashi et al, 12 and by Calvert et al, 5 and the 33˚ by Høgh and Macnicol, 7 suggesting that improvement of the cover of the femoral head is technically important for this procedure.
The less good results in patients with a very irregular femoral head confirms the findings of Reynolds, 13 who emphasised that a Chiari osteotomy should only be done in patients with a round or flattened femoral head. The excellent and good results in 18 of 34 hips (53%) with a very irregular femoral head suggests that this procedure remains a treatment option for patients with acetabular dysplasia and a deformed femoral head. Only two patients required total hip arthroplasty, 18.0 and 24.5 years after osteotomy, in our study.
Several types of osteotomy have been recommended for patients with acetabular dysplasia. Double and triple osteotomy and periacetabular osteotomy are designed to provide better cover for the femoral head. [24] [25] [26] Trousdale et al 26 reported that 32 of 33 hips (97%) with early osteoarthritis which had been treated with periacetabular osteotomy had some improvement of the degenerative changes at a mean follow-up of four years. The Chiari osteotomy provides lateral cover for the femoral head by the osteotomised proximal fragment, and medialises the centre of the hip. Despite these mechanical advantages, it does not provide cover for the femoral head with articular cartilage as do other pelvic osteotomies. It is best indicated for patients with early osteoarthritis, who have a dysplastic hip with incongruity of the joint, but without marked narrowing of the joint space.
We conclude that the transtrochanteric approach using an intraoperative radiograph or fluoroscopy allows an osteotomy to be undertaken at an appropriate level and also facilitates effective advancement of the high-riding greater trochanter.
